We present X-ray fluorescence observations of the lunar surface, made by the Chandrayaan-1 X-52 ray Spectrometer during two solar flare events early in the mission (12 th December 2008 and 10
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Remote sensing of the Moon reveals on a global scale the compositional (Lucey et al., 1998 The technique is only possible for atmosphere-free bodies in the inner solar system, where the 110 flux of incident solar X-rays is high enough to cause fluorescent X-ray emission from the 111 uppermost hundred microns in the planetary surface (Yin et al., 1993) . The emitted X-rays are 112 characteristic of elements from which they originate and they can therefore be used to help 113 constrain variations in local surface geology. Normal levels of solar intensity result in the 114 excitation of low atomic number elements, including several common in rock-forming minerals 115 such as Mg, Al and Si. During solar flares, intense levels of solar X-rays are emitted and the 116 excitation of heavier atomic-number elements such as K, Ca, Ti and Fe can also occur. A 117 detailed description of the scientific goals of the instrument has been given by Crawford et al. 118 (2009) and a full explanation of the technique is given by Clark and Trombka (1997) . detector unit on the spacecraft that monitored solar X-ray emission. This non-imaging high 144 purity silicon PIN sensor had a collimated wide FOV of 52° radius (circular field), which 145 enabled Sun visibility during a significant fraction of the mission lifetime. XSM had an energy 146 range (1 -20 keV), spectral resolution (~250 eV at 5.9 keV) and sensitivity (~8000 counts/s for 147 an X1 flare; 10 -4 Wm -2 in the wavelength range 0.1 -0.8 nm) and was designed to provide 148 sufficient information on the solar X-ray flux reaching the lunar surface to enable accurate 149 interpretation of the fluorescent lines measured by C1XS. The sensitivity estimate is based on a 150 simulated observation of an X1 flare using an observed solar X-ray spectrum from the SMART-1 151 XSM, which is rescaled from M-class to X-class and convolved with the response function 152 derived from the calibrations of the Chandrayaan-1 XSM. However, as discussed in Section 4 153 below, the data reported here were obtained for A-class flares, an order of magnitude weaker 154 than those XSM was designed to characterise (i.e., B-class flares and above; Alha et al., 2008) . 155
As a consequence, the fluxes from these flares were insufficient for XSM to determine reliably 156 the input spectrum, and other methods therefore had to be adopted to estimate the intensity and 157 shape of the exciting solar spectra. 158 Serenitatis, and also samples the highland areas to the north and south (see Table 1 Mare Cognitum and Mare Nubium (see Table 1 and Figure 1b were between about 2.5 MK and 3.1 MK. The flare temperatures cannot have been significantly 256 higher without exciting the Ca K α line at 3.7 keV which is not observed (see Figure 4) . To allow 257 for errors introduced by the uncertainty in the flare temperatures, we have modelled the C1XS 258 spectra using both the upper and lower temperature limits and factored this into our quoted errors 259 on the derived abundances (Section 5). (1.25 keV), Al K α , (1.49 keV) and Si K α (1.74 keV). Although not resolved in these spectra, we 288 note that the modelling also includes the adjacent K β lines. These spectra also appear to exhibit 289 weak emission at ~1.00 keV, which may possibly be due to the Na K α line at 1.04 keV. 290
However, as discussed below, this region in C1XS spectra is likely to be dominated by scattered 291 solar X-rays making any such assignment uncertain. The modelled abundances for Mg and Al 292 are given in Table 2 . The mean MgO/SiO 2 and Al 2 O 3 /SiO 2 ratios (averaged from the modelling 293 at the two flare temperatures) for both flare sections are given in Table 3 shows the spectrum for a subsection corresponding to the Fra Mauro Formation which includes 302 the Apollo 14 landing site. The modelled elemental abundances for these spectra are given in 303 Table 2 and the resulting MgO/SiO 2 and Al 2 O 3 /SiO 2 ratios are given in Table 3 . These are 304 compared to lunar samples and Lunar Prospector values in Figure 6b . 305 306 Again, these spectra possibly exhibit a weak emission at ~1.00 keV, which could be due to the 307 Na K α line. Moreover, this emission appears stronger in the Fra Mauro section of the ground 308 track (Figure 5d these observations would represent the first XRF observation of Na on the Moon. However, as 314 noted above, the spectral region of the Na K α line is expected to be dominated by scattered solar 315 lines which, depending on the scattering efficiency, could mimic the emission of lunar Na XRF. 316
We illustrate this in Figure 7 , which clearly shows that for high scattering efficiency the entire 317 Na 'line' could be due to scattered solar lines, whereas the neighbouring Mg, Al and Si lines are 318 essentially unaffected. We therefore have to caution that any interpretation of this feature as 319 being due to Na XRF alone can only be tentative as it is not possible with these data to 320 unambiguously fit the level of the scattered solar spectrum. 321 J., Anand, M., Anttila, M., Ashcroft, M., Benkoff, J., Bland, P., Bowyer, A., Bradley, A., 548 Bridges, J., Brown, C., Bulloch, C., Bunce, E.J., Christensen, U., Evans, M., Fairbend, R., 549
Feasey, M., Giannini, F., Hermann, S., Hesse, M., Hilchenbach, M., Jorden, T., Joy, K., 550
Kaipiainen, M., Kitchingman, I., Lechner, P., Lutz, G., Malkki, A., Muinonen, K., Näränen, J., 551
Portin, P., Prydderch, M., San Juan, J., Sclater, E., Schyns, E., Stevenson, T.J., Strüder, L., 552 Syrjasuo, M., Talboys, D., Thomas, P., Whitford, C., Whitehead, S. modelling of the spectra at both 2.5 MK and 3.1 MK (see Table 2 subsection. The RAL abundance algorithm fitted model (generated using a 3.1 MK solar model) 902 for each spectrum is also shown (smooth bold line), as well as the weighted residual in each case. 903
The Mg K α (1.25 keV), Al K α (1.49 keV) and Si K α (1.74 keV) peaks are clearly resolved in each 904 case. The more indistinct peak at ~1 keV may be partly due to Na K α (1.04 keV), but likely 905 contains a contribution due to scattered solar lines (see Figure 7) ; the apparent 'peak' below 906 1 keV is a data processing artefact caused by instrument noise. 907 908 909 Figure 6 . MgO/SiO 2 vs. Al 2 O 3 /SiO 2 plots showing the C1XS abundance ratios (given in Table  910 3) derived for the 
